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Based on the results of the statistical analysis of 
the data of this research and within the experimental 
limitations the general conclusions reached were as follows: 
1. There is some difference in rating of films as 
compared to rating of actual operations. However, 
there was insufficient evidence to say conclu­
sively that this difference was significant* 
2. Rating of film presentations is likely to result 
in a slightly higher average rating error than 
rating of the actual operation. 
3. The differences between rating film and rating 
of the actual operation is likely to be related 
to the particular operations involved. 
4. Individual raters are likely to perform differ­
ently in their rating of film as compared with 
actual operations. 
5. The experimental subjects displayed a tendency 
to over-rate slow performances and to under-rate 
fast performances. 
It is recommended that time study engineers receive 
rating training on the factory floor with an experienced time 
study engineer instead of in the class room using rating 
films. This would give more realistic training and improve 
accuracy of rating. 
It is also suggested that further analysis of this 
problem would be profitable. 
CHAPTER I 
INTRODUCTION 
Since the time of Fredrick W. Taylor, stop-watch time 
study has been used to set time standards. And today the 
greatest number of standards are still set by making time 
studies. Such setting of standards requires that the ob­
server rate the operator under observation in order that the 
observed time can be converted into normal time. It is un­
fortunate that there is no way to establish a time standard 
for an operation without the judgment of the time study man 
entering into the process. 
The importance of rating cannot be underestimated even 
though it is considered one of the weakest aspects of present 
day time study. Phil Carrol expresses his opinion about rat­
ing by saying, "Rating is the (most) important step in time 
study procedure, if any one part may be so designated. The 
rating is the key which permits the translation of an ab­
stract time record into equitable incentive standards."(1)^ 
The fact that an operator under observation does not neces­
sarily work at "normal" performance, but above and below 
^Numbers in parantheses refer to references listed in 
the Bibliography. 
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N O R M A L P E R F O R M A N C E , R E Q U I R E S T H A T T H E T I M E S T U D Y MAN E V A L U A T E 
T H E R A T E O F P A C E OR R A T E O F A C T I V I T Y O F T H E O P E R A T O R WHEN 
M A K I N G T H E T I M E S T U D Y . 
B E C A U S E P E R F O R M A N C E R A T I N G I S A S U B J E C T I V E P R O C E D U R E 
I N V O L V I N G T H E E L E M E N T O F J U D G M E N T , I T H A S O F T E N B E C O M E A M A T ­
T E R O F C O N T R O V E R S Y . U N T I L S O M E O B J E C T I V E M E T H O D I S D E V E L O P E D , 
WE S H O U L D M A K E T H E B E S T U S E O F T H E S U B J E C T I V E A P P R O A C H T H A T 
WE P R E S E N T L Y H A V E A N D A T T E M P T T O I M P R O V E I T . 
A C C O R D I N G T O B A R N E S , " R A T I N G I S T H A T P R O C E S S D U R I N G 
W H I C H T H E T I M E S T U D Y M A N C O M P A R E S T H E P E R F O R M A N C E ( S P E E D OR 
T E M P O ) O F T H E O P E R A T O R U N D E R O B S E R V A T I O N W I T H T H E O B S E R V E R ' S 
OWN C O N C E P T O F N O R M A L P E R F O R M A N C E . " ( 2 ) 
A N E V E N B E T T E R D E F I N I T I O N I S G I V E N B Y E M E R Z I A N WHEN H E 
S A Y S , 
R A T I N G I S A T E C H N I Q U E F O R E Q U A T I N G D I F F E R E N C E S I N 
O P E R A T O R P E R F O R M A N C E . T O A R R I V E AT A R A T I N G , T H E 
T I M E S T U D Y O B S E R V E R G O E S T H R O U G H T H E F O L L O W I N G 
M E N T A L P R O C E S S . F I R S T , H E M A K E S A G R O S S J U D G M E N T 
W H I C H P L A C E S T H E O B S E R V E D P E R F O R M A N C E E I T H E R A B O V E 
O R B E L O W N O R M A L O R S T A N D A R D . H I S S E C O N D J U D G M E N T 
I N D I C A T E S T H E P R E C I S E P O S I T I O N A L O N G T H E R A T I N G 
S C A L E W H I C H P R O P E R L Y E V A L U A T E S T H E N U M E R I C A L D I F ­
F E R E N C E B E T W E E N S T A N D A R D A N D A C T U A L P E R F O R M A N C E . 
T H E S E C O N D A N D F I N A L J U D G M E N T E S T I M A T E S B Y HOW M U C H 
T H E O B S E R V E D P E R F O R M A N C E D I F F E R S F R O M N O R M A L P E R ­
F O R M A N C E . ( 3 ) 
F O R T H E P U R P O S E O F T H I S T H E S I S , R A T I N G W I L L B E T H A T 
P R O C E S S D U R I N G W H I C H T H E T I M E S T U D Y E N G I N E E R C O M P A R E S T H E 
R A T E O F P A C E OR R A T E O F A C T I V I T Y O F T H E O P E R A T O R U N D E R C O N ­
S I D E R A T I O N TO H I S OWN M E N T A L C O N C E P T O F S T A N D A R D A N D D E T E R ­
M I N E S I N H I S OWN M I N D W H E T H E R I T I S A B O V E O R B E L O W S T A N D A R D 
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p e r f o r m a n c e a n d b y h o w m a n y p e r c e n t a g e p o i n t s . 
N e e d f o r I m p r o v e m e n t . - - W o r k e r s u s u a l l y d o n o t w o r k a t n o r m a l 
p a c e . T i m e s t u d y m e n a g r e e o n w h a t i s a b o v e o r b e l o w n o r m a l 
b u t d o n o t a l w a y s a g r e e o n h o w m u c h a b o v e o r b e l o w n o r m a l a n 
o p e r a t o r i s w o r k i n g w h e n u n d e r o b s e r v a t i o n . T h e a c c u r a c y o f 
s t a n d a r d s d e v e l o p e d f r o m t i m e s t u d i e s a l w a y s d e p e n d s u p o n 
t h e t i m e s t u d y e n g i n e e r ' s j u d g m e n t . G e n e r a l l y t h e t i m e s t u d y 
e n g i n e e r t e n d s t o b e c o n s e r v a t i v e o r t o h e d g e i n t h e d i r e c ­
t i o n o f n o r m a l . H e u s u a l l y u n d e r - r a t e s f a s t p e r f o r m a n c e s 
a n d o v e r - r a t e s s l o w p e r f o r m a n c e s . 
T h e n e e d f o r i m p r o v e m e n t i s b r o u g h t o u t i n t h e s t u d y 
o f C o h e n a n d S t r a u s s i n w h i c h f i l m s t u d i e s w e r e m a d e o f 2 1 
e x p e r i e n c e d o p e r a t o r s w o r k i n g o n a m a n - c o n t r o l l e d o p e r a t i o n . ( 4 ) 
E a c h o p e r a t o r w a s t h e n r a t e d b y t h r e e t r a i n e d o b s e r v e r s u s i n g 
t h e W e s t i n g h o u s e l e v e l i n g m e t h o d . When t h e i r p o o l e d r a t i n g 
j u d g m e n t w a s a p p l i e d t o t h e o b s e r v e d t i m e s , i t w a s f o u n d 
t h a t t h e r a t e d t i m e s v a r i e d f r o m . 0 5 9 0 4 t o . 1 2 4 7 0 m i n u t e s . 
I n a n o t h e r s t u d y Q u i c k , K o e h l e r a n d S h e a d e s c r i b e a n 
e x p e r i m e n t i n w h i c h o n e h u n d r e d t i m e s t u d y m e n f r o m d i f f e r ­
e n t i n d u s t r i e s w e r e a s k e d t o e s t a b l i s h a p r o d u c t i o n s t a n d a r d 
f o r a s i m p l e b o l t a n d w a s h e r a s s e m b l y f r o m a f i l m r e c o r d . ( 5 ) 
I n a l l , 6 2 d i f f e r e n t s t a n d a r d s w e r e r e c o m m e n d e d , w i t h a n 
o v e r a l l v a r i a t i o n o f 6 1 p e r c e n t . T h e s e r e s u l t s w e r e u s e d 
b y t h e s e w r i t e r s t o b o l s t e r t h e i r a r g u m e n t t h a t r a t i n g i s 
o n e o f t h e w e a k e s t a s p e c t s o f t i m e s t u d y . S u c h s t u d i e s i n d i ­
c a t e t h a t e f f o r t s t o i m p r o v e t h e a c c u r a c y o f t i m e s t u d y 
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ratings should be concentrated upon the factor of judgment. 
As Phil Carrol says, "Judgment is a human attribute, 
subject to the variations of the human being, but judgment 
can be trained whereas the actions of the human being as 
recorded on a time study are unpredictable by any scientific 
formula."(6) The only way to improve the accuracy of a 
standard is through improving the rating ability of time 
study engineers. 
The Problem of Accuracy in Rating.—A bibliographical search 
reveals that since the beginning of World War II there has 
been great concern among time study experts regarding the 
matter of rating, and they have suggested various means of 
improving rating ability. 
Buffa suggests that what is needed is a national per­
formance standard which can be kept by the National Bureau 
of Standards. He further suggests that the best means avail­
able today of recording and fixing basic standards of per­
formance is the motion picture film. He states that, "The 
confusion which surrounds performance rating results from 
the fact that basic standards are not uniform between differ­
ent plants, the basic standard usually is not recorded and 
rating scales are used which are different but appear to be 
the same."(7) 
Speakman also recognizes the need for accuracy but sug­
gests a somewhat different approach. He says, 
5 
Time study is not just a combination of the stop 
watch and slide rule. It is obvious that it must 
stand or fall on the inherent sense of judgment on 
the part of the observer. The rating factor is a 
contentious one and the most difficult to substanti­
ate. Obviously, the ability to rate within compara­
tively fine limits of accuracy is not acquired easily 
and can be achieved only by experience and constant 
practice.(8) 
Anson in his study found that there were irregular­
ities in the rating films such as change in method, short 
scenes (below 5 seconds), and low rates of working that af­
fected the rating ability of the time study engineers.(9) 
Errors in rating result from the use of different 
methods and different criteria. Some observers rate on 
speed alone, others on speed and skill, while others say that 
they take into account speed, effort and skill. According 
to Speakman, "There is only one criterion for rating and that 
is effective effort."(10) 
Previous Research.— Carson made a study analyzing the ratings 
of six experienced time study men who worked for a company 
which conducted one-hour rating sessions each week. The re­
sults of the study showed that these men did not differ sig­
nificantly from each other in the level of their ratings or 
in standard deviations. The standard deviation of single 
independent ratings was 6.67 per cent. He concludes that a 
group of time study men trained alike in evaluating speed of 
work will rate film loops alike. He also found that regular 
use of practice rating sessions reduced the error in rating 
and develops more consistency between men both as to vari 
ability of ratings and mean or level of ratings.(11) 
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M A R G O L I N R E P O R T E D O N A N E X P E R I M E N T W I T H A G R O U P O F 
I N D U S T R I A L E N G I N E E R S AT P U R D U E U N I V E R S I T Y . T H E E N G I N E E R S 
R A T E D E L E M E N T S A N D C Y C L E S O F F I L M L O O P S O F F I V E D I F F E R E N T 
O P E R A T I O N S T H A T H A D B E E N F I L M E D P R E V I O U S L Y B Y P E T E R W. 
S C H W A B A N D T H E N R A T E D A N O P E R A T O R P E R F O R M I N G T H E S E S A M E 
F I V E O P E R A T I O N S . A M O T I O N P I C T U R E WAS T A K E N O F T H E O P E R A ­
T I O N W H I L E T H E R A T I N G O F T H E A C T U A L O P E R A T I O N WAS B E I N G P E R ­
F O R M E D . A F T E R P R O C E S S I N G , T H E F I L M S W E R E A N A L Y Z E D F O R 
A C T U A L T I M E V A L U E S . T H E S E V A L U E S W E R E T H E N U S E D A S T H E 
S T A N D A R D B Y W H I C H T O E V A L U A T E T H E R A T I N G S O F T H E O P E R A T I O N S . 
H I S C O N C L U S I O N S W E R E T H A T R A T I N G S A R E M O R E C O N S I S T E N T A N D 
A C C U R A T E WHEN M A D E F R O M M O T I O N P I C T U R E S T H A N WHEN M A D E F R O M 
T H E A C T U A L P E R F O R M A N C E O F T H E O P E R A T O R . ( 1 2 ) 
N A D L E R ' S E X P E R I M E N T WAS S I M I L A R I N M A N Y R E S P E C T S T O 
M A R G O L I N ' S . F O U R O P E R A T I O N S W E R E C H O S E N A N D P R E S E N T E D O N F I L M 
AT D I F F E R E N T S P E E D S T O B E R A T E D B Y T R A I N E D T I M E S T U D Y E N G I ­
N E E R S . T H E N T H E A C T U A L O P E R A T I O N S W E R E P R E S E N T E D A N D R A T E D 
B Y T H E E N G I N E E R S A S T H E O P E R A T O R R E G U L A T E D H I S S P E E D B Y T H E 
U S E O F A N E L E C T R I C P I C K - U P O F A M E T R O N O M E . T H E O P E R A T O R P E R ­
F O R M E D T H E S A M E J O B S D U P L I C A T I N G A S N E A R L Y A S P O S S I B L E T H E 
S P E E D O F H I S P R E V I O U S L Y F I L M E D P E R F O R M A N C E . N A D L E R ' S F I N D ­
I N G S W E R E J U S T T H E O P P O S I T E O F T H O S E O F M A R G O L I N , F O R T H E Y 
S H O W E D A T E N D E N C Y W I T H I N T H E L I M I T S O F T H E E X P E R I M E N T A L S I T U ­
A T I O N F O R T H E A C T U A L O P E R A T O R T O B E R A T E D M O R E C O N S I S T E N T L Y 
A N D A C C U R A T E L Y T H A N T H E F I L M S O F T H E O P E R A T I O N . ( 1 3 ) 
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C o n c l u s i o n s . — R e s u l t s i n t h e l a s t two s t u d i e s c i t e d a r e 
q u e s t i o n a b l e i n t h e l i g h t o f t h e l i m i t s o f t h e e x p e r i m e n t s . 
I n t h e f i r s t , M a r g o l i n u s e d f i l m s made a t a d i f f e r e n t t i m e 
and a d i f f e r e n t p l a c e f rom t h a t o f t h e a c t u a l o p e r a t i o n . 
N a d l e r went a s t e p f u r t h e r i n t h a t h e u s e d a metronome t o 
p a c e h i s o p e r a t o r , b u t h e t o o f a i l e d t o d u p l i c a t e i n t h e 
a c t u a l o p e r a t i o n t h e m o t i o n s and p a c e o f t h e f i l m e d o p e r a ­
t i o n . As d i d M a r g o l i n , N a d l e r a l s o assumed t h a t t h e f i l m e d 
o p e r a t i o n was e s s e n t i a l l y t h e same a s t h e r e a l o p e r a t i o n . 
CHAPTER I I 
O B J E C T I V E 
Many d o u b t s h a v e been e x p r e s s e d abou t t h e u s e o f 
f i l m s i n i n d u s t r y f o r t h e p u r p o s e o f t i m e s t u d y r a t i n g , 
t r a i n i n g , and c h e c k i n g t i m e s t u d y men. However , i n t h e 
l a s t few y e a r s we h a v e s e e n t h e i n c r e a s i n g u s e o f f i l m 
f o r t h e p u r p o s e s m e n t i o n e d a b o v e . B e c a u s e o f d o u b t s and 
f e a r s a s t o t h e v a l i d i t y o f t h e i r u s e i t i s f e l t t h a t an 
i n v e s t i g a t i o n o f t h e s u p p o s e d d i f f e r e n c e s o f r a t i n g f i l m s 
and r a t i n g t h e a c t u a l o p e r a t o r i s most d e s i r a b l e . 
The p u r p o s e o f t h i s t h e s i s i s t o s t u d y s e v e r a l 
t y p i c a l i n d u s t r i a l o p e r a t i o n s and f i l m s o f t h e s e o p e r a t i o n s 
i n o r d e r t o d e t e r m i n e : 
1. S i g n i f i c a n t d i f f e r e n c e i n r a t i n g o p e r a t i o n s a s 
a g a i n s t r a t i n g f i l m s o f t h e o p e r a t i o n s . 
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2, S i g n i f i c a n t d i f f e r e n c e i n c o n s i s t e n c y i n 
r a t i n g o p e r a t i o n s a s a g a i n s t r a t i n g f i l m s o f 
t h e o p e r a t i o n s . 
^ C o n s i s t e n c y means i d e n t i c a l p e r f o r m a n c e s a r e r a t e d 
t h e same e v e r y t i m e . 
C H A P T E R I I I 
E X P E R I M E N T A L P R O C E D U R E 
S E L E C T I N G T H E O P E R A T I O N S . — T H E S E L E C T I O N O F A J O B F O R T H I S 
E X P E R I M E N T D E P E N D E D U P O N T H R E E C O N S I D E R A T I O N S . T H E F I R S T 
WAS I T S A D A P T A B I L I T Y T O V A R I A N C E I N T H E S P E E D A T W H I C H I T 
C O U L D B E P E R F O R M E D . T H E S E C O N D C O N S I D E R A T I O N WAS T H A T I T 
I N V O L V E D S H A R P , C L E A R , D I S T I N C T I V E M O T I O N S A N D E L E M E N T S . 
T H I S S E C O N D R E Q U I R E M E N T WAS N E E D E D T O E L I M I N A T E A N Y C O N F U ­
S I O N A S T O T H E B E G I N N I N G A N D E N D P O I N T S O F T H E O P E R A T I O N . 
T H I S L I M I T A T I O N T H E N L E D T O A T H I R D C O N S I D E R A T I O N , N A M E L Y , 
T H A T T H E J O B W O U L D I N C L U D E E N O U G H M O T I O N O F T H E A R M S A N D 
H A N D S S O T H A T T H E O P E R A T I O N W O U L D N O T B E C L A S S I F I E D A S A 
S P E C I A L T Y P E O F J O B S U C H A S A S S E M B L I N G V E R Y S M A L L P A R T S I N 
W H I C H O N L Y T H E F I N G E R S O R H A N D T A K E S P A R T . O N T H E B A S I S O F 
T H E A B O V E M E N T I O N E D L I M I T A T I O N S T H E F O L L O W I N G TWO O P E R A T I O N S 
W E R E C H O S E N : 
1. A I R C O N D I T I O N E R F R O N T A S S E M B L Y . 
2 . C O L D R O L L E D S T E E L P L A T E A S S E M B L Y . 
P I C T U R E S O F T H E A B O V E O P E R A T I O N S MAY B E S E E N I N A P P E N D I X I I I 
• 
T H E F I R S T O P E R A T I O N ( H E R E A F T E R C A L L E D O P E R A T I O N " A " ) 
WAS F U R N I S H E D B Y D R . D A L E J O N E S O F T H E I N D U S T R I A L E N G I N E E R I N G 
D E P A R T M E N T A T G E O R G I A I N S T I T U T E O F T E C H N O L O G Y . S O M E M O D I F I ­
C A T I O N WAS R E Q U I R E D T O M A K E T H E A S S E M B L Y A D E S I R A B L E O P E R A T I O N 
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A f i x t u r e o f p l y w o o d was made t o h o l d t h e a i r c o n d i t i o n e r 
f rame d u r i n g t h e a s s e m b l y o p e r a t i o n s o t h a t i t wou ld n o t 
move o r c a u s e t h e o p e r a t o r t o f u m b l e . T h i s o p e r a t i o n c o n ­
s i s t e d o f a s s e m b l i n g 4 g r i l l s i n t o a f r a m e , i n s t a l l i n g f o u r 
i n s e r t s , g l u e i n g on f o u r k n o b s , and s e t t i n g a s i d e t h e f i n ­
i s h e d a s s e m b l y . F i g u r e 1 shows t h e w o r k p l a c e l a y o u t and 
t h e p o s i t i o n o f t h e o p e r a t o r f o r o p e r a t i o n " A " . 
The s e c o n d o p e r a t i o n ( h e r e a f t e r c a l l e d o p e r a t i o n " B " ) , 
d e v i s e d by t h e a u t h o r , c o n s i s t e d o f two c o l d r o l l e d s t e e l 
p l a t e s a s s e m b l e d w i t h a b o l t , w a s h e r , and n u t . A j i g was 
d e s i g n e d and w e l d e d t o a s s i s t i n a s s e m b l i n g two u n i t s a t one 
t i m e . A B l a c k and D e c k e r s c r e w gun was s u s p e n d e d w i t h 
s p r i n g s 12 i n c h e s a b o v e t h e j i g . The o p e r a t o r r e a c h e d f o r 
t h e gun a s n e e d e d and p o s i t i o n e d i t o v e r t h e nu t t o b e run 
u p . T h i s gun was a c t u a t e d when downward p r e s s u r e was a p p l i e d . 
F i g u r e 2 shows t h e w o r k p l a c e l a y o u t and t h e p o s i t i o n o f t h e 
o p e r a t o r f o r o p e r a t i o n " B " . The e l e m e n t a l d e s c r i p t i o n o f 
b o t h o p e r a t i o n s may b e s e e n i n A p p e n d i x I . 
A s t a n d a r d o f 0 . 5 0 0 o f a m i n u t e f o r o p e r a t i o n " A " was 
e s t a b l i s h e d by D r . D a l e J o n e s . ( 1 4 ) F o r o p e r a t i o n " B " t h e 
s t a n d a r d was e s t a b l i s h e d by M e t h o d s - T i m e Measuremen t . The 
M e t h o d s - T i m e Measurement a n a l y s i s may b e s e e n i n A p p e n d i x 
I I . 
S e l e c t i n g t h e O p e r a t o r . — T h e s e l e c t i o n o f an o p e r a t o r c a l l e d 
f o r c e r t a i n r e q u i r e m e n t s . F i r s t , h e h a d t o h a v e a d e f i n i t e 
i n t e r e s t i n t h e t y p e o f work b e i n g done and i n what was t o 
F I G U R E 1. WORK P L A C E L A Y O U T O P E R A T I O N " A " 
F I G U R E 2 WORK P L A C E L A Y O U T O P E R A T I O N " B " 
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a c c o m p l i s h e d . A p e r s o n n o t a t a l l i n s y m p a t h y w i t h t h e 
r e s e a r c h c o u l d n o t b e d e p e n d e d u p o n f o r w h o l e h e a r t e d c o o p ­
e r a t i o n . S e c o n d l y , t h e p e r s o n s e l e c t e d h a d t o h a v e t h e t i m e 
a v a i l a b l e t o p r a c t i c e a n d b e c o m e a c q u a i n t e d w i t h t h e j o b s 
s e l e c t e d . T h e a u t h o r w a s a b l e t o f i n d a p e r s o n t h a t m e t 
t h e s e r e q u i r e m e n t s . 
T r a i n i n g t h e O p e r a t o r . — T h e o p e r a t o r w a s g i v e n a l i s t o f t h e 
e l e m e n t s o f e a c h o p e r a t i o n a n d s h o w n b y a c t u a l d e m o n s t r a t i o n 
t h e m e t h o d o f p e r f o r m i n g t h e j o b w i t h s p e c i a l e m p h a s i s o n 
t h e m o t i o n p a t t e r n s . T h e n f o l l o w e d f o r t w o w e e k s a p e r i o d 
o f p r a c t i c e a n d t r a i n i n g , t h e m a i n p u r p o s e b e i n g t o a c q u a i n t 
t h e o p e r a t o r w i t h t h e j o b s a n d a l l o w h i m t o o b t a i n t h e e x ­
p e r i e n c e a n d i m p r o v e m e n t o f s k i l l n e e d e d . T h e o p e r a t o r p e r ­
f o r m e d t h e o p e r a t i o n s a t h i s m i n i m u m a n d m a x i m u m s p e e d o r 
r a t e o f a c t i v i t y a n d a t r a n g e s i n b e t w e e n t h e l i m i t s 5 0 p e r 
c e n t t o 1 3 0 p e r c e n t . T h i s t y p e o f t r a i n i n g c o n t i n u e d u n t i l 
a t l a s t i t w a s f e l t t h a t t h e o p e r a t o r h a d s m o o t h e d o u t a l l 
i r r e g u l a r i t i e s i n h i s p e r f o r m a n c e o f t h e o p e r a t i o n s a t t h e 
d i f f e r e n t s p e e d s . T h e o p e r a t o r r e c e i v e d a d d i t i o n a l t r a i n i n g 
b e c a u s e o f t h e f a c t t h a t t h e f i r s t t w o f i l m i n g s e s s i o n s w e r e 
n o t s u c c e s s f u l a n d t w o a d d i t i o n a l o n e s w e r e r e q u i r e d t o 
c o m p l e t e t h e e x p e r i m e n t . 
T a k i n g o f M o t i o n P i c t u r e s . — P i c t u r e s o f t h e o p e r a t i o n s w e r e 
t a k e n w i t h a n E a s t m a n K o d a k C i n e S p e c i a l I I C a m e r a , e q u i p p e d 
w i t h a 1 5 m i l l i m e t e r , f - 2 . 5 l e n s a n d d r i v e n b y a B o d i n e 
s y n c h r o n u s m o t o r a t 1 , 0 0 0 f r a m e s p e r m i n u t e . T h e c a m e r a w a s 
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mounted on an adjustable tripod at a height of about five 
feet and was set fifteen feet from the working area for both 
operations. 
Two reflectors with No. 2 photofloods and one boom 
spot light were used to illuminate the operation and the op­
erator during filming to give a good clear picture when the 
films were developed. 
Motion pictures of 16 cycles were made of each opera­
tion at the second session for the first group of engineers. 
The first session was not a success because the lens came 
loose in the mount and caused the pictures to be out of 
focus. The author originally planned to take eight cycles 
of each operation but to conserve time and not to prolong the 
experiment 16 cycles were taken. 
At the first session held for the second group of 
engineers, the film jumped the sprocket and bunched up in­
side the camera ruining all but three film loops. At the 
second session for the second group of engineers, motion 
pictures of 16 cycles were made of each operation. 
Analysis of Film.—All of the film was carefully edited so 
that all cycles were free from major variations in method 
and obvious fumbles. In order to have a minimum number of 
breaks in the continuity of motion, minor variations in 
method and lesses fumbles were allowed to remain in the 
film. 
The films in their final form were made up of two 
reels for the first group of engineers and two reels for the 
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s e c o n d g roup o f e n g i n e e r s . The f i r s t r e e l c o n t a i n e d 15 
c y c l e s o f o p e r a t i o n " A " , and t h e s e c o n d r e e l c o n t a i n e d 15 
c y c l e s o f o p e r a t i o n " B M . The t h i r d r e e l c o n t a i n e d 17 c y c l e s 
o f o p e r a t i o n " A " , and t h e f o u r t h r e e l c o n t a i n e d 17 c y c l e s 
o f o p e r a t i o n M B " . 
C o l l e c t i o n o f D a t a . — T h i s t h e s i s e x p e r i m e n t was p e r f o r m e d a t 
L o c k h e e d A i r c r a f t C o r p o r a t i o n , M a r i e t t a , G e o r g i a , a s a 
" R a t i n g P e r f o r m a n c e P r o j e c t A l l methods and t i m e s t u d y 
e n g i n e e r s h a v e r e g u l a r m o n t h l y r a t i n g c l a s s e s . T h i s e x p e r i ­
ment t o o k t h e p l a c e o f t h e c l a s s e s f o r t h e months o f A u g u s t , 
S e p t e m b e r , and O c t o b e r , 1955 . 
A t t h e f i r s t s e s s i o n t i m e was a l l o w e d f o r p r e s e n t a t i o n 
o f t h e j o b s s o t h a t t h e e n g i n e e r s m i g h t become f a m i l i a r w i t h 
them. Fo r t r a i n i n g p u r p o s e s and warm-up p e r i o d t h e o p e r a t o r 
went t h r o u g h e i g h t c o n t i n u o u s c y c l e s on o p e r a t i o n " A " and 
s e v e n c o n t i n u o u s c y c l e s on o p e r a t i o n " B t T w h i l e t h e e n g i n e e r s r a t e d e a c h c y c l e . W h i l e t h e o p e r a t o r was g o i n g t h r o u g h t h e 
warm-up p e r i o d , t h e camera was s e t up t o t h e r i g h t o f t h e 
o p e r a t o r a t an a n g l e o f abou t 45 d e g r e e s . 
B e f o r e t h e r a t i n g o f t h e a c t u a l o p e r a t i o n b e g a n , t h e 
o b j e c t i v e o f t h e e x p e r i m e n t and t h e p r o c e d u r e t o b e f o l l o w e d 
were e x p l a i n e d . D e m o n s t r a t i o n s o f t h e s t a n d a r d methods on 
e a c h o p e r a t i o n were g i v e n and e l e m e n t a l e n d i n g s d i s c u s s e d . 
S i n c e t h e m a j o r i t y o f t h e e n g i n e e r s p r e s e n t s t a t e d t h a t t h e y 
h a d n o t r a t e d e l e m e n t s a s s h o r t a s t h o s e embodied i n t h e o p ­
e r a t i o n s , i t was d e c i d e d t h a t t h e y s h o u l d r a t e c o m p l e t e 
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c y c l e s . A l l e n g i n e e r s r a t e d t h e c y c l e s , u s i n g t h e 1 0 0 p e r 
c e n t n o r m a l m e t h o d . I n a d d i t i o n , t h e e n g i n e e r s w e r e a s k e d 
t o : 
1 . S t r i v e t o m a k e e a c h r a t i n g t o t h e b e s t o f t h e i r 
a b i l i t y a n d k e e p a s m u c h a t t e n t i o n o n t h e o p e r a -
t t o r a s p o s s i b l e . 
2 . R e f r a i n f r o m t a l k i n g a b o u t r a t i n g s a m o n g t h e m ­
s e l v e s d u r i n g t h e r a t i n g s e s s i o n s . 
3 . M a k e a d e c i s i o n c o n c e r n i n g w h a t t h e r a t i n g s h o u l d 
b e a n d t o r e c o r d t h i s o n t h e r a t i n g f o r m q u i c k l y 
s o t h e y c o u l d o b s e r v e a n d r a t e t h e n e x t c y c l e . 
M o t i o n p i c t u r e s w e r e m a d e a t t h e v e r y s a m e i n s t a n t t h e 
e n g i n e e r s w e r e r a t i n g t h e o p e r a t i o n s , t h e p u r p o s e b e i n g t o 
r e p r o d u c e o n f i l m t h e e x a c t d u p l i c a t e o f j o b a n d m o t i o n s s o 
t h a t t h e r e w o u l d b e a t r u e c o m p a r i s o n b e t w e e n d a t a g a t h e r e d 
a t t h e f i r s t s e s s i o n ( r a t i n g o p e r a t i o n s ) a n d a t t h e s e c o n d 
s e s s i o n s ( r a t i n g f i l m s ) . 
B e f o r e t h e f i l m l o o p s f o r e a c h r e e l w e r e s p l i c e d t o ­
g e t h e r , t h e y w e r e n u m b e r e d a n d p l a c e d o n a t a b l e . T h e 
a u t h o r ' s s o n p i c k e d u p p n e f i l m l o o p a t a t i m e i n r a n d o m o r ­
d e r u n t i l a l l h a d b e e n s e l e c t e d . T h i s w a s d o n e s o t h a t n o 
s e t s e q u e n c e o f p a c e c o u l d p o s s i b l y i n f l u e n c e t h e r a t e r s . 
T a b l e 1 a n d T a b l e 2 s h o w t h e a c t u a l s e q u e n c e o f f i l m s a t t h e 
r a t i n g f i l m s e s s i o n s f o r o p e r a t i o n s " A " a n d t f B u . 
A l l f i l m s w e r e s h o w n o n a B e l l a n d H o w e l l 7 5 0 w a t t 
r a t i n g p r o j e c t o r . T h e p r o j e c t o r w a s s y n c h r o n i z e d t o 1 , 0 0 0 
f r a m e s p e r m i n u t e b y u s i n g a S t r o b o - T a c h o m e t e r M o d e l N o . 
3 5 1 - A m a d e b y E l e c t r o n i c M e a s u r e m e n t s C o m p a n y , R e d B a n k , New 
J e r s e y . W h i l e t h e o p e r a t o r w a s p e r f o r m i n g t h e o p e r a t i o n s f o r 
t h e t r a i n i n g p e r i o d , t h e p r o j e c t o r a n d s t r o b o - t a c h o m e t e r w e r e 
t u r n e d o n a n d a l l o w e d t o w a r m u p f o r m o r e t h a n 1 5 m i n u t e s 
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just before projection of films. The strobo-tachometer was 
shone on the sprocket wheel of the projector, and the built-
in rheostat was adjusted when necessary to keep the reel 
standing still so that the projector was always operating at 
1,000 frames per minute. 
To make a smooth, continuous projection of the films, 
at the beginning of each loop the author spliced a title, 
"Rate Next Cycle" and at the end of the loop a title, "Record 
Your Rating." The first title occupied 40 frames while the 
second occupied 140 frames. This gave the engineers adequate 
time to record their readings and to get ready for the next 
cycle. As the projector started, the lights were turned off. 
When the first frame of "Record Your Rating" appeared on the 
screen, the lights were turned on for the 140 frames to al­
low the engineers to record their ratings on the film rating 
form (Figure 3 ) . The man at the switch turned off the 
lights when "Rate Next Cycle" again appeared on the screen. 
T A B L E 1 
O P E R A T I O N " A " 
S E Q U E N C E O F F I L M S 
O R D E R O F P R O J E C T I O N C Y C L E T I M E O R D E R O F P R O J E C T I O N C Y C L E T I M E 
O F R A T I N G F I L M S O F R A T I N G F I L M S 
7 • 9 3 7 2 . 4 8 7 
8 . 4 2 8 I . 5 6 0 
1 . 6 4 8 3 . 5 0 4 
9 . 5 6 8 1 4 . 4 6 7 
1 4 . 7 5 4 4 . 4 3 5 
1 1 . 6 1 2 1 0 . 3 9 7 
4 . 4 7 8 7 . 4 0 8 
1 3 . 5 1 0 1 1 . 6 4 5 
1 5 . 5 5 3 2 . 7 3 1 
3 . 7 1 5 1 3 . 3 9 6 
6 . 5 5 3 1 . 6 2 3 
5 . 5 9 8 6 . 7 1 1 
1 2 . 4 7 5 8 . 8 3 4 
2 . 5 4 5 9 . 5 6 1 
1 0 . 5 5 3 5 . 5 3 1 
3 . 4 3 5 
1 2 . 7 7 6 
T A B L E 2 
O P E R A T I O N " B " 
S E Q U E N C E O F F I L M S 
O R D E R O F P R O J E C T I O N C Y C L E T I M E O R D E R O F P R O J E C T I O N C Y C L E T I M E 
O F R A T I N G F I L M S O F R A T I N G F I L M S 
6 . 3 9 3 1 0 . 6 2 8 
1 . 3 9 1 9 . 3 9 0 
1 1 . 4 6 3 2 . 5 4 8 
1 0 . 3 5 0 3 . 4 2 2 
1 3 . 3 3 7 6 . 4 8 3 
4 . 3 1 6 1 4 . 3 6 5 
1 4 . 4 7 5 1 7 . 2 9 9 
9 . 2 8 9 7 . 3 6 1 
3 . 4 1 5 1 . 3 1 0 
8 . 5 6 7 1 6 . 4 0 9 
1 2 . 3 0 6 5 . 4 5 5 
2 . 3 3 9 1 3 . 2 6 2 
5 . 6 0 6 1 2 . 3 7 2 
1 5 . 3 6 7 4 . 2 5 7 
7 . 3 2 1 8 . 4 6 1 
1 5 . 4 5 1 
1 1 . 6 8 3 
2 0 
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CHAPTER IV 
EVALUATION OF DATA 
Two approaches were made to analyze the data gathered 
from the experiment. One technique was that of testing the 
sample means of the operation against the sample means of 
the films to see whether there was any significant difference 
by using Student's t-test. The second technique was a fac­
torial analysis of variance. 
For this analysis 15 cycles were used for each engineer 
in order to simplify the calcu.ations of analysis of variance. 
The standard deviation for each such set of 15 rat­
ings, one for the actual operation and one for the film, was 
calculated by use of the equations. 
where S 0 is the unbiased estimate of the standard deviation 
of the 15 ratings for the actual operation, Sf is the unbiased 
estimate of the standard deviation of the 15 ratings for the 
systematic errors of the operation and films respectively and 
n is the number of ratings (in this case 15). 
All ratings were converted to a percentage of the cor­
rect rating. This was done by the formula 
and 
films, X q and X F are the assigned ratings, X Q and X ^ are the 
2 2 
% r a t i n g e r r o r . o b s e r v e d r a t i n g - a c t u a l r a t i n g x xOO 
a c t u a l r a t i n g 
T h i s c o n v e r t e d f i g u r e was u s e d f o r t h e r e s t o f t h e 
a n a l y s i s . T h e p u r p o s e o f t h e c o n v e r s i o n was t o make compa­
r a b l e an i n d i v i d u a l ' s r a t i n g s , r e g a r d l e s s o f t h e l e v e l o f 
p r o d u c t i o n r a t e d . 
The c o n v e r t e d r a t i n g s were p o s t e d t o a n a l y s i s s h e e t s . 
One o f t h e a n a l y s i s s h e e t s c o n t a i n e d a l l o f t h e r a t i n g s made 
by one e n g i n e e r f o r o p e r a t i o n " A " ; and t h e o t h e r c o n t a i n e d a l l 
r a t i n g s made f o r o p e r a t i o n " B " . 
The f i r s t h y p o t h e s i s t e s t e d was t h e h y p o t h e s i s o f no 
d i f f e r e n c e ; m a t h e m a t i c a l l y i t s t a t e d t h a t t h e mean o f t h e 
a c t u a l o p e r a t i o n r a t i n g s was e q u a l t o t h e mean o f t h e f i l m 
r a t i n g s . I n t e r m s o f t h e p r e s e n t p r o b l e m i t s t a t e d t h a t t h e 
sum o f t h e i n d i v i d u a l a c t u a l o p e r a t i o n r a t i n g s was n o t s i g ­
n i f i c a n t l y d i f f e r e n t from t h e sum o f t h e i n d i v i d u a l f i l m 
r a t i n g s . S t a t i n g t h e p r o b l e m a s a n u l l h y p o t h e s i s assumed 
t h a t b o t h means h a d come from a random s a m p l i n g o f n o r m a l l y 
d i s t r i b u t e d p o p u l a t i o n s h a v i n g a common mean v a l u e . 
The a n a l y s i s o f v a r i a n c e s was a p p l i e d t o b o t h o p e r a ­
t i o n s t o d e t e r m i n e t h e v a r i a t i o n o f r a t i n g s c a u s e d by t h e 
t h r e e main f a c t o r s and t o what e x t e n t e a c h o f them c a u s e d t h e 
v a r i a t i o n . The t h r e e main f a c t o r s were t h e o p e r a t i o n s , t h e 
e n v i r o n m e n t (whether r a t i n g a c t u a l o p e r a t i o n s o r r a t i n g f i l m s ) , 
and t h e t i m e s t u d y e n g i n e e r s . The b a s i c d a t a u s e d f o r t h i s 
a n a l y s i s i s p r e s e n t e d i n T a b l e 3 . 
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T h e a n a l y s i s o f v a r i a n c e ( 1 5 ) i s a p r o c e d u r e b y w h i c h 
t h e sum o f t h e s q u a r e s i s c a l c u l a t e d f o r t h e e f f e c t o f e a c h 
m a i n f a c t o r , t h e f i r s t o r d e r i n t e r a c t i o n b e t w e e n t h e s e f a c ­
t o r s , a n d t h e s e c o n d o r d e r i n t e r a c t i o n s b e t w e e n t h e s e f a c ­
t o r s . T h e s u m o f s q u a r e s f o r e a c h m a i n f a c t o r a n d i n t e r ­
a c t i o n s was d i v i d e d b y t h e i r d e g r e e s o f f r e e d o m t o f o r m t h e 
mean s q u a r e s . T h e s e mean s q u a r e s w e r e u s e d t o f o r m r a t i o s 
o f v a r i a n c e w i t h t h e r e s i d u a l v a r i a n c e a n d t h e s e r a t i o s w e r e 
t e s t e d f o r s i g n i f i c a n c e b y t h e F i s h e r F t e s t . 
T A B L E 3 
CODED DATA FOR A N A L Y S I S O F V A R I A N C E 
O p e r a ­
t i o n s 
E n v i r o n ­
m e n t R l R 2 R 3 R 4 
RATERS 
R 5 R 6 R7 % R 1 0 R l l 
° i 
E ^ - 4 8 3 5 3 2 - 3 8 5 7 0 9 7 3 4 - 2 3 7 - 1 5 3 - 5 1 9 1 1 0 2 - 6 8 9 - 1 0 5 8 
E 2 - 1 2 1 4 1 7 1 2 1 2 6 6 9 3 0 0 - 4 6 6 - 2 9 2 2 2 1 6 7 2 - 5 4 1 9 0 5 
° 2 E l - 5 1 7 - 2 2 8 1 3 5 2 5 1 0 7 4 6 6 4 - 2 4 2 4 8 4 1 3 6 3 4 6 5 - 1 8 0 
E 2 1 6 2 4 1 0 6 9 1 3 8 0 9 2 2 8 4 5 1 4 8 4 3 0 4 9 7 1 9 5 6 3 0 6 6 8 9 
R 1 2 R 1 3 R 1 4 R 1 5 R 1 6 R 1 7 R 1 8 R 1 9 ^ 0 ^ 1 
° 1 
E l - 4 0 9 - 5 1 4 - 8 4 9 - 9 4 0 5 4 1 - 1 5 1 9 - 7 1 6 - 1 4 7 8 - 9 9 5 - 7 0 7 
E 2 4 0 - 4 9 6 - 2 0 1 - 1 6 3 8 - 1 1 0 3 - 4 8 9 - 3 5 6 - 5 6 2 - 7 4 4 - 4 7 5 
E l - 8 0 5 - 2 4 6 - 3 3 6 - 1 7 0 - 7 7 0 1 1 3 1 7 1 6 - 7 7 1 - 4 3 - 1 5 7 
E 2 - 7 6 1 - 1 1 4 3 5 6 1 0 9 7 1 1 5 6 2 1 2 5 2 0 1 0 4 8 8 - 8 5 6 3 6 
O r i g i n a l D a t a - ( C o d e d D a t a + 2 0 . 0 0 x 1 0 " ^ 
E x a m p l e - 4 8 3 = 1 5 . 1 7 % R a t i n g E r r o r 
0 X = O p e r a t i o n " A " 
O2 = O p e r a t i o n " B " 
E ^ • R a t i n g A c t u a l O p e r a t i o n s O n l y 
E2 « R a t i n g F i l m s O n l y 
R = T i m e S t u d y E n g i n e e r s 
CHAPTER V 
RESULTS 
U s i n g t h e e q u a t i o n g i v e n i n t h e p r o c e d i n g s e c t i o n , t h e 
m e a n a n d s t a n d a r d d e v i a t i o n w e r e c a l c u l a t e d f o r o p e r a t i o n s 
" A " a n d " B " . T a b l e 4 a n d T a b l e 5 s h o w t h e s y s t e m a t i c e r r o r 
a n d s t a n d a r d d e v i a t i o n f o r t h e g r o u p w e r e l e s s o n r a t i n g s o f 
t h e a c t u a l o p e r a t i o n s t h a n o n r a t i n g s o f t h e f i l m s . 
I n m a k i n g t h e S t u d e n t ' s t - t e s t o n 2 1 e n g i n e e r s f o r o p ­
e r a t i o n " A " a n d o p e r a t i o n " B " t h e n u l l h y p o t h e s i s w a s a c c e p t e d 
3 7 t i m e s a n d r e j e c t e d f i v e t i m e s a t t h e f i v e p e r c e n t l e v e l 
o f s i g n i f i c a n c e . T h i s i n d i c a t e s t h a t t h e r e i s n o s i g n i f i c a n t 
d i f f e r e n c e i n t h e m e a n s o f t h e r a t i n g s o n f i l m a s a g a i n s t t h e 
r a t i n g s o n t h e o p e r a t i o n i n 8 8 . 1 p e r c e n t o f t h e c a s e s . I n 
1 1 . 9 p e r c e n t o f t h e c a s e s t h e r e i s a s i g n i f i c a n t d i f f e r e n c e 
i n t h e m e a n s o f t h e r a t i n g s o n a c t u a l o p e r a t i o n s a s a g a i n s t 
f i l m s o f t h e o p e r a t i o n . I t c a n b e c o n c l u d e d t h a t t h e r e i s 
e v i d e n c e s o f s o m e d i f f e r e n c e b e t w e e n t h e a c t u a l o p e r a t i o n s 
a n d t h e f i l m s . 
T a b l e 6 s h o w s t h e r e s u l t s f r o m t h e a n a l y s i s o f v a r i ­
a n c e . I t s h o w s t h a t t h e s y s t e m a t i c e r r o r v a r i e d m a i n l y d u e 
t o t h e e f f e c t o f R ( t h e t i m e - s t u d y e n g i n e e r s ) . T h i s f a c t o r 
w a s s i g n i f i c a n t a t t h e 0 . 1 p e r c e n t l e v e l , w h i c h i n d i c a t e s 
t h a t t h e r e i s o n l y o n e c h a n c e i n a t h o u s a n d t h a t v a r i a t i o n s 
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due t o t h i s f a c t o r c o u l d h a v e happened by c h a n c e . The v a r i ­
a t i o n c a u s e d by r a t e r s i n d i c a t e s t h a t t h e r e was a c o n s i d e r ­
a b l e d i f f e r e n c e o f o p i n i o n among t h e e n g i n e e r s i n j u d g i n g 
how f a r away t h e o b s e r v e d p e r f o r m a n c e was f rom n o r m a l . 
To a l e s s e r s i g n i f i c a n c e l e v e l t h e f a c t o r s O ( o p e r a ­
t i o n s ) . OR ( t h e i n t e r a c t i o n be tween t h e o p e r a t i o n s and t h e 
r a t e r s ) , ER ( t h e i n t e r a c t i o n be tween e n v i r o n m e n t and t h e 
r a t e r s ) c o n t r i b u t e d v a r i a n c e s . T h e s e f a c t o r s a r e s i g n i f ­
i c a n t a t a l e v e l o f one p e r c e n t . The 0 f a c t o r i n d i c a t e s 
t h a t on d i f f e r e n t o p e r a t i o n s t h e e n g i n e e r s r a t e d i f f e r e n t l y . 
T h i s i s e v i d e n t from t h e l a r g e s y s t e m a t i c e r r o r and s t a n d a r d 
d e v i a t i o n on o p e r a t i o n " B " . The f i r s t o r d e r i n t e r a c t i o n OR 
i n d i c a t e s t h a t i f e n g i n e e r s were t o r a t e v a r i o u s o p e r a t i o n s , 
t h e a c c u r a c y would v a r y f o r d i f f e r e n t o p e r a t i o n s and among 
d i f f e r e n t e n g i n e e r s . S i m i l a r l y , ER i n t e r a c t i o n i n d i c a t e s 
t h a t a c c u r a c y wou ld v a r y f o r d i f f e r e n t e n v i r o n m e n t s and among 
d i f f e r e n t e n g i n e e r s . From T a b l e s 4 and 5 i t i s e v i d e n t t h a t 
t h e s y s t e m a t i c e r r o r i s l e s s on t h e a c t u a l o p e r a t i o n s t h a n on 
t h e f i l m s . T h i s must b e t r u e b e c a u s e t h e i n t e r a c t i o n i s s i g ­
n i f i c a n t a t t h e one p e r c e n t l e v e l , s h o w i n g t h e d i f f e r e n c e i n 
t h e e r r o r t o b e dependen t upon t h e e n v i r o n m e n t . 
The E f a c t o r shows a f i v e p e r c e n t s i g n i f i c a n c e l e v e l , 
b u t i t d o e s i n d i c a t e some d i f f e r e n c e be tween t h e a c t u a l o p ­
e r a t i o n s and t h e f i l m s . 
The OE i n t e r a c t i o n was n o t s i g n i f i c a n t . 
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TABLE 4 
SYSTEMATIC ERROR AND STANDARD DEVIATION OF 
PER CENT RATING ERROR FOR OPERATION "A" 
ENGI­ SYSTEMATIC ERROR SIG. LEVEL STANDARD DEVIATION 
NEER FILM EETtfEEN MEANS OPERATION FILM 
A 15.90 20.40 .15 15.63 21.57 
B 12.65 23.01 .01 10.44 10.10 
C 14.86 15.03 .90 9.13 9.30 
D 14.81 22.22 .06 9.23 15.10 
E 9.42 29.05 .001 12.89 13.29 
X 25.32 25.14 .90 16.42 12.31 
G 13.10 14.59 .67 10.36 9.57 
II 10.59 3.61 .26 13,24 10.83 
I 15.75 32.12 .01 13.02 12.49 
J 12.84 16.43 .44 12.92 22.21 
K 31.02 26.73 .35 10.33 14.09 
L 10.05 12.56 .67 11.46 16.96 
U 17.63 15.30 .60 11.04 10.76 
N 4.80 12,79 .06 11.48 12.49 
0 12.90 13.31 .90 8.55 10.07 
R 12.92 15.24 .68 14.34 14.35 
s 18.46 17.08 .78 14.26 11.41 T 11.50 17.98 • 11 11.60 9.56 U 14,42 8,96 .27 15.64 13.94 
V 15.16 19.48 .86 6.11 12.31 
ff 5.78 14.38 .08 14.00 16.24 
TOTAL 299.88 375.41 252,09 278,95 
GROUP 
AVERAGE 14.28 17.87 12.00 13.28 
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TABLE 5 
SYSTEMATIC ERROR AND STANDARD DEVIATION OF 
PER CENT RATING ERROR FOR OPERATION " B " 
E N G I ­
NEER 
SYSTEMATIC ERROR S I G . LEVEL STANDARD DEVIATIONS 
OPEkATIdtf FILM BETWEEN MEANS 0)PtekATl6N F t U l 
A 11 .94 11 .29 . 9 0 9 . 6 6 12 .19 
B 2 0 . 7 5 2 8 . 4 5 . 1 3 1 4 . 1 3 11 .83 
C 1 7 . 5 4 1 8 . 8 6 . 7 0 9 . 0 6 9 . 9 3 
D 2 4 . 8 5 1 5 . 0 2 . 1 2 1 4 . 9 2 1 9 . 8 1 
E 1 8 . 2 0 2 6 . 8 9 . 025 12 .33 10 .07 
F 1 7 . 7 2 3 0 . 7 0 . 0 2 1 3 . 7 7 1 4 . 6 5 
G 2 4 . 6 5 1 6 . 9 4 .08 1 0 . 5 6 11 .68 
H 1 8 . 2 9 3 0 . 9 7 . 7 0 11 .68 1 3 . 4 7 
I 2 8 . 7 5 3 3 . 8 0 . 41 2 1 . 1 6 1 6 . 0 3 
J 2 5 . 8 3 4 0 . 1 0 . 8 2 1 3 . 2 0 1 4 . 3 0 
K 3 3 . 6 3 3 9 . 5 6 . 6 3 1 2 . 2 2 1 4 . 6 0 
L 1 9 . 5 7 1 9 . 1 4 .59 1 7 . 4 6 2 0 . 1 4 
:;; 2 6 . 6 5 2 1 . 0 9 .37 1 9 . 1 1 13 .68 
N 3 1 . 9 8 39 .78 . 9 0 1 8 . 7 3 1 8 . 4 4 
0 1 4 . 9 0 2 0 . 9 2 . 2 6 1 2 . 0 1 1 6 . 1 5 
R 1 8 . 4 2 2 6 . 3 7 . 18 9 . 2 3 1 6 . 1 7 
S 1 9 . 7 6 2 4 . 3 0 . 2 6 1 1 . 2 6 1 0 . 4 6 
T 1 8 . 7 2 2 3 . 1 7 . 8 2 12 .68 1 3 . 7 5 
tJ 12 .29 3 1 . 3 9 . 3 0 1 6 . 8 0 1 1 . 2 1 
V 1 4 . 8 3 3 6 . 3 1 .001 1 1 . 9 3 1 5 , 3 6 
w 1 2 . 2 9 2 4 . 2 1 . 5 1 1 5 . 4 7 11 .87 
TOTAL 4 3 1 . 5 6 5 5 9 . 2 6 2 8 7 . 3 7 2 9 6 . 4 2 
GROUP 
AVERAGE 2 0 . 5 5 2 6 . 6 3 13 .68 1 4 . 1 1 
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TABLE 6 
SOURCE OF VARIANCES DEGREES OF FREEDOM SUM OF SQUARES MEAN SQUARES SIGNIFI­CANCE 
0 1 12,829,234.1 12,829,234.1 ** 
E I 5,506,540.8 5,506,540.8 * 
R 20 346,672,855.0 17,333,642.75 *** 
OE 1 472,554.8 472,554.8 
OR 20 481,023,166.0 24,051,158.3 ** 
ER 20 391,705,712.0 19,585,285.6 ** 
OER 20 130,808,979.0 6,540,448.95 
TOTAL 83 1 ,370,019,041.7 
* indicates a significance level of 5% ** indicates a significance level of 1% *** indicates a significance level of 0.1% indicates interaction is insignificant or non-existent 
0 represents Operations E represents Environment R represents Raters OE represents Interaction Between Operations and Environment OR represents Interaction Between Operations and Raters ER represents Interaction Between Environment and Raters OER represents Residual or Experimental Error 
RESULTS FROM ANALYSIS OF VARIANCES FOR BOTH OPERATIONS 
MEAN 
CHAPTER V I 
CONCLUSIONS AND RECOMMENDATIONS 
The o b j e c t i v e s o f t h i s t h e s i s were t o i n v e s t i g a t e t h e 
d i f f e r e n c e s be tween t i m e s t u d y r a t i n g o f a c t u a l o p e r a t i o n s 
and t h e r a t i n g o f f i l m r e c o r d s o f t h e same p e r f o r m a n c e s p r e ­
v i o u s l y r a t e d from d i r e c t o b s e r v a t i o n . A g roup o f t w e n t y -
one e x p e r i e n c e d t i m e s t u d y e n g i n e e r s were u s e d a s e x p e r i m e n ­
t a l s u b j e c t s . 
C o n c l u s i o n s t h a t c a n b e drawn from t h e s t u d y a r e : 
1. T h e r e i s some d i f f e r e n c e i n r a t i n g o f f i l m s a s 
compared t o r a t i n g o f a c t u a l o p e r a t i o n s . However , 
t h e r e was i n s u f f i c i e n t e v i d e n c e t o s a y c o n c l u s i v e l y 
t h a t t h i s d i f f e r e n c e was s i g n i f i c a n t . O f f o r t y - t w o 
t e s t p a i r s o f r a t i n g e r r o r s ( a c t u a l o p e r a t i o n 
v e r s u s f i l m ) o n l y f i v e i n d i c a t e d d i f f e r e n c e s t h a t 
c o u l d n o t b e a s c r i b e d t o c h a n c e a t t h e f i v e p e r 
c e n t s i g n i f i c a n c e l e v e l . The a n a l y s i s o f v a r i a n c e 
i n d i c a t e s a s i g n i f i c a n c e due t o r a t i n g o f f i l m a s 
compared w i t h t h e r a t i n g o f a c t u a l o p e r a t i o n s a t 
t h e f i v e p e r c e n t l e v e l o f s i g n i f i c a n c e . 
2 . R a t i n g o f f i l m p r e s e n t a t i o n s i s l i k e l y t o r e s u l t i n 
a s l i g h t l y h i g h e r a v e r a g e r a t i n g e r r o r t h a n r a t i n g 
o f t h e a c t u a l o p e r a t i o n . The a v e r a g e r a t i n g e r r o r 
31 
for the test group was higher for the film rating 
than for the rating of the actual operation for 
both operations included in this research. These 
differences were not evaluated for significance, 
hence, only intuitive conclusions can be presented. 
3. The differences between rating film and rating of 
the actual operation is likely to be related to 
the particular operations involved. The analysis 
of variance indicated a variance contribution due 
to the operation which was significant at the one 
per cent level. This result could have been caused, 
at least in part, by the nature of the criterion 
values used to evaluate the rating errors. The 
correct rating for operation "A" was based upon a 
standard developed and successfully used in previous 
work. The correct rating for operation "B n was 
developed by the author using the MTM predetermined 
motion time system. There was no way to evaluate 
the difference in level of normal performance rep­
resented by these two "correct" values. 
4. Individual raters are likely to perform differently 
in their rating of film as compared with actual 
operations. The present study indicated a variance 
contribution due to the rater which was significant 
at the 0.1 per cent level. This may have been 
caused in part by individual differences in abil­
ities, or variation in rating consistency. A sig-
3 2 
n i f i c a n t v a r i a n c e c o n t r i b u t i o n f o r t h e O p e r a t i o n -
Env i ronmen t and E n v i r o n m e n t - R a t e r f a c t o r s a t t h e 
f i v e p e r c e n t l e v e l i s a d d i t i o n a l s u p p o r t f o r t h i s 
c o n c l u s i o n . The e x p e r i m e n t a l p r o c e d u r e d i d n o t 
a l l o w t h e g a t h e r i n g o f d a t a t o i n v e s t i g a t e i n d i v i d u -
a l r a t e r c o n s i s t e n c y . 
5 . The t e s t s u b j e c t s d i s p l a y e d a t e n d e n c y t o o v e r - r a t e 
s l o w p e r f o r m a n c e s and t o u n d e r - r a t e f a s t p e r f o r m a n c e s * 
Recommendat ions 
I t i s recommended t h a t t i m e s t u d y e n g i n e e r s r e c e i v e r a t ­
i n g t r a i n i n g on t h e f a c t o r y f l o o r w i t h an e x p e r i e n c e d t i m e 
s t u d y e n g i n e e r i n s t e a d o f i n t h e c l a s s room u s i n g r a t i n g f i l m s . 
T h i s w o u l d g i v e more r e a l i s t i c t r a i n i n g and i m p r o v e a c c u r a c y 
o f r a t i n g . 
I t i s a l s o s u g g e s t e d t h a t f u r t h e r a n a l y s i s o f t h i s p r o b ­
lem wou ld be p r o f i t a b l e . F u t u r e work s h o u l d a l l o w f o r r e p l i c a ­
t i o n o f e x p e r i m e n t a l d a t a and e v a l u a t i o n o f t h e c o n s i s t e n c y 




O p e r a t i o n " A " 
E lemen t N o . L e f t Hand R i g h t Hand 
1 Same a s r i g h t h a n d . Reach f o r , g r a s p and move 
g r i l l t o f r a m e , p o s i t i o n 
t o f r a m e , r e l e a s e g r i l l . 
Same a s r i g h t h a n d . R e a c h f o r , g r a s p and move 
g r i l l t o f r a m e , p o s i t i o n 
t o f r a m e . R e l e a s e g r i l l . 
E l e m e n t 1 ends w i t h L e f t and R i g h t Hands r e l e a s e g r i l l . 
2 Same a s r i g h t hand . R e a c h f o r , g r a s p and move 
i n s e r t t o g r i l l , r e g r a s p 
i n s e r t , p o s i t i o n t o g r i l l , 
t u r n 6 0 ° , r e l e a s e . 
Same a s r i g h t h a n d . Reach f o r , g r a s p and move 
i n s e r t t o g r i l l , r e g r a s p 
i n s e r t , p o s i t i o n t o g r i l l , 
t u r n 6 0 ° , r e l e a s e . 
E l emen t 2 ends w i t h L e f t and R i g h t Hands r e l e a s e i n s e r t . 
3 R e a c h f o r , g r a s p and R e a c h f o r , g r a s p and move 
move knob t o f r o n t o f b r u s h t o f r o n t o f g r i l l , 
g r i l l . 
R e g r a s p knob and h o l d . A p p l y g l u e t o k n o b . 
Move knob t o g r i l l , H o l d b r u s h , 
p o s i t i o n t o g r i l l , 
r e l e a s e . 
Reach f o r , g r a s p and H o l d b r u s h and d i p i n j a r . 
move knob t o f r o n t o f 
g r i l l 
R e g r a s p knob and h o l d . A p p l y g l u e t o k n o b . 
Move knob t o g r i l l , p o - H o l d b r u s h , 
s i t i o n t o g r i l l , r e l e a s e . 
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ELEMENTAL DESCRIPTION 
O p e r a t i o n " A " 
E l emen t N o . L e f t Hand R i g h t Hand 
R e a c h f o r . g r a s p and H o l d b r u s h and d i p i n j a r * 
move knob t o f r o n t o f 
g r i l l . 
R e g r a s p knob and h o l d . A p p l y g l u e t o k n o b . 
Move knob t o g r i l l , p o - H o l d b r u s h , 
s i t i o n t o g r i l l , r e l e a s e . 
Reach f o r , g r a s p and H o l d b r u s h and d i p i n j a r . 
move knob t o f r o n t o f 
g r i l l . 
R e g r a s p knob and h o l d . A p p l y g l u e t o k n o b . 
Move knob t o g r i l l , p o - Move b r u s h t o j a r , p o s i -
s i t i o n t o g r i l l , r e l e a s e , t i o n i n j a r , r e l e a s e . 
E l emen t 3̂  ends w i t h R i g h t Hand r e l e a s e b r u s h . 
4 R e a c h f o r , g r a s p and Move t o f r a m e , g r a s p and 
move f rame t o s i d e o f move frame t o s i d e o f 
f i x t u r e , r e l e a s e . f i x t u r e , r e l e a s e * 
E l e m e n t 4 ends w i t h L e f t and R i g h t Hands r e l e a s e f r a m e . 
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E L E M E N T A L D E S C R I P T I O N 
O p e r a t i o n " B " 
E l e m e n t N o . L e f t H a n d 
1 S a m e a s r i g h t h a n d . 
E l e m e n t 1 e n d s w i t h L e f t 
R i g h t H a n d 
R e a c h f o r , g r a s p a n d m o v e 
b o l t t o f i x t u r e , r e g r a s p 
b o l t , p o s i t i o n t o f i x t u r e , 
r e l e a s e * 
a n d R i g h t H a n d s r e l e a s e b o l t . 
Same a s r i g h t h a n d . R e a c h f o r , g r a s p a n d m o v e 
f i r s t p l a t e t o f i x t u r e , 
p o s i t i o n p l a t e i n f i x t u r e , 
r e l e a s e . 
Same a s r i g h t h a n d . R e a c h f o r , g r a s p a n d m o v e 
s e c o n d p l a t e t o f i x t u r e , 
p o s i t i o n p l a t e i n f i x t u r e , 
r e l e a s e . 
E l e m e n t 2 e n d s w i t h L e f t a n d R i g h t H a n d s r e l e a s e p l a t e . 
Same a s r i g h t h a n d . R e a c h f o r , g r a s p a n d m o v e 
w a s h e r t o b o l t , p o s i t i o n 
o n b o l t , r e l e a s e . 
S a m e a s r i g h t h a n d . R e a c h f o r , g r a s p a n d m o v e 
n u t t o b o l t , r e g r a s p , p o ­
s i t i o n o n b o l t a n d t u r n 
3 6 0 ° , r e l e a s e . 
E l e m e n t 3 e n d s w i t h L e f t a n d R i g h t H a n d s r e l e a s e p l a t e . 
4 S a m e a s r i g h t h a n d . 
Same a s r i g h t h a n d 
R e a c h f o r , g r a s p , a n d m o v e 
p o w e r w r e n c h t o f i r s t n u t , 
p o s i t i o n g u n o n n u t , r u n 
u p n u t . 
D i s e n g a g e w r e n c h f r o m n u t , 
m o v e t o l e f t h a n d n u t , 
p o s i t i o n g u n o n n u t , r u n 
u p n u t . 
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ELEMENTAL DESCRIPTION 
5 Same as right hand. Move to, grasp and move 
assembled plates to tote 
box, release. 
Element 5 ends with Left and Right Hands release plates. 
Operation "B" 
Element No. Left Hand Right Hand 
Same as right hand. Disengage wrench from 
nut, move gun to over­
head position, release. 




METHODS-TIME MEASUREMENT ANALYSIS OF OPERATION "B" 
Element 
NO. Left Hand Right Hand TMU 
Same as right hand 
Same as right hand 
Same as right hand 
Same as right hand 
Same as rjgit hand 
Reach for bolt in bin A R20C 19.8 
Grasp bolt 4B 9.1 
Move bolt to fixture MSB 7.2 
Regrasp bolt G2 5.6 
Position bolt in fixture P2SSE46.5 
Release bolt RL1 1.7 
Reach for lst.plate R8 MB 10.1 
Grasp plate IB 3.5 
Move plate to fixture M8"C 11.8 
Pos.plate in fixture P3SSD 52.1 
Release plate RL1 1.7 
Reach for 2nd plate R10£B 11.8 
Grasp plate IB 3.5 
Move plate to fixture MIO^C 13.9 
Pos.pb.te in fixture P3NSD 52.1 
Release plate RL1 1.7 
Reach for washer bin B 1R8D 11.5 
Get washer 4B 9.1 
Move washer to bolt M8C 11.8 
Pos. washer on bolt P2SE 16.2 
Contact release RL2 0 
Reach for nut bin C 1 R8D 11.5 
Grasp nut 4B 9.1 
Move nut to bolt M8C 11.8 
Regrasp nut G2 5.6 
Position nut on bolt P2SE 16.2 
Turn nut 360° 18.8 
Release hand RL1 1.7 
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METHODS-TIME MEASUREMENT ANALYSIS OF OPERATION "B" 
Element 
No. Left Hand Right Hand TMU 
Same as right hand 
Same as right hand 
Same as right hand 
Reach pwr.gun above fixt.R12A 9.6 
Grasp gun G5 1*7 
Move to right hand nut 1 2 " M 1 2 C i a O 
Pos.gun over R.H. nut P3SE 43.0 
Run up nut 750 RPM 13.8 
Disengage wrench from nut 11.8 
Move wrench to L.H. nut M 3 j c 3.9 
Pos. gun over L.H. nut P3SE 43.0 
Run up nut 750 RPM 13.8 
Disengage wrench from nut 11.8 
Move gun 8" above fixture 7 . 2 
Release gun RL2 0 
Move to plate assy. MSB 7 . 2 
Grasp finished assy. IB 3.5 
Move assy, to tote box M12B 13.4 
Release fingers 1.7 
Total TMU's 570.8 
Convert to standard minutes by multiplying by .0006 minutes 
per TMU. • 
This equals 570*8 x .0006 « .342 standard minutes. 


FIGURE 6 . CLOSE UP OF COLD ROLLED STEEL PLATE ASSEMBLY 
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APPENDIX I V 
SAMPLE CALCULATIONS FOR STUDENT'S T - T E S T 
S t u d e n t ' s t « XQ - X F 
S Q 2 / S F 2 
n = 15; S 0 2 - 169.67; S F 2 m 156.05; XQ - 15.75; X F = 32.12 
D e g r e e s o f f reedom = n i / no - 2 = 15 / 15 - 2 r 28 
F o r E n g i n e e r I : 
t = 15.75 - 32.12 r -16.37 = -3.052 
\ 169.67 / 156.05 IB \J21.71 
R e j e c t h y p o t h e s i s i f t i s l e s s t h a n -2.05 o f i f t i s g r e a t e r 
t h a n 2.05 a t t h e 0.05 l e v e l o f s i g n i f i c a n c e . T h e r e f o r e , 
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